Biological productivities are considered to be very high in the East China Sea and the Yellow Sea. This high productivity supports activities of various fisheries of Japan, China, and the Republic of Korea in this region. From 1984 to 1989 China and Norway carried out joint acoustic and trawling surveys to the biomass of anchovy Engraulis japonicus among other fishes in these seas, and the biomass was estimated to be about 3,000,000 tons.1) Af ter the Chinese-Norwegian joint survey, there have been no reports on the population abundance of anchovy in the area.
Japan has not been fishing anchovy in the area for sever al reasons; problems with freezing technology, long dis tance to fishing grounds, low cost benefit, and others. In order to establish rational management scheme of an chovy resources it is primarily important to gain an ac curate estimate of total anchovy biomass.
The present study aims at testing feasibility of acoustic method using a quantitative echo sounder for a rapid esti mate of anchovy biomass, and shapes and packing densi ties of its schools.
Survey area and Method
The acoustic survey was carried out from 27 May to 2 June, 1992, along 7 east-west transect lines. CTD (Neil Brown MARK3B) casts were conducted at 20 stations in the East China Sea and the Yellow Sea (Fig. 1) . A quantita tive echo sounder (Furuno, FQ-70) operated continuously during acoustic survey. The ship speed was kept at about 10 knots on the transect lines. The calibration of the echo sounder was done by hydrophone prior to the survey. Fig. 1 ) from 3 June to 8 June, 1992. A cover net (20 mm mesh) was attached to the midwater trawl on outside of cod end (60 mm mesh). In order to monitor net conditions, Scan mar Transducers (Scanmar catch control system) were mounted on both sides of the net as well as the top and bot tom of the net, near the mouth. Also, a Net Recorder (Furuno, FNR-20011) was mounted on the bottom at the mouth of the net. Midwater trawl hauls were carried out twice in the day and twice at night in areas A, B, and C (Fig. 1) . In area D, it was done twice in day and once in night. In area E, it was done twice only during the day time. The midwater trawl net was towed for 30 minutes or 1 hour. The warp length of the trawl net and towing speed were adjusted in order to aim the net opening at the strata of fish schools. The towing speed ranged 2 to 3 knots dur ing the trawling. 
Results
Hydrographic Structure Figure 2 shows the distribution pattern of the surface water temperature over the present survey areas on 2 June, 1992 (data from Japan Fisheries Information Service Center). There were two main areas characterized by warm water. One was in the Yellow Sea and the other was at near the estuary of the Yangzi River . According to CTD obser vations made in this study, low salinity areas were detected at near the Yangzi River, especially on the western side of transect 2, together with the Yellow Sea Central Cold When the catch data gained from all areas were grouped into daytime and night-time (Fig. 4) , the mean was 74.9 kg/haul in the daytime (749 kg/10 stations) and 25.1 kg/ haul (175.8 kg/7 stations) at night. Further subgrouping of the catch sizes into towing time revealed that daytime catches were 88.0 kg for 60 minutes, 61.8 kg for 30 minutes; night-time catches were 32.7 kg for 60 minutes and 15.0 kg for 30 minutes. In terms of fish composition, anchovy occupied 97.8% of catches in the daytime but it decreased to 67.4% at night. The anchovy's biological characters found out in this study were summarized in Table 2 . The entire range of an chovy body length caught by a midwater trawl net was 60 to 145 mm. The body length of anchovy at southern areas was larger than that at northern areas; 60 to 120 mm in area A, and 110 to 145 mm in area E. Most anchovies of both sexes obtained in this study were at mature in all areas. areas (A to E, see Fig. 1 ).
Day and night-time data at each area were summed up. Because goosefish Lophius litulon, 9 kg in body weight, was caught in area A, the percentage of others fish was increased.
Mean body length did not differ significantly between area A and area B, and between area C and area D, but the difference in other combination was statistically significant (Z-test, p=0.05 level). Mean GSI value was not significant ly different between area C and area D, but the difference between area A and area B was statistically significant (Z- Fig. 4 . Day/night difference in the composition of fishes caught with trawl net. Catch data at area A to E were classified into day and night. test, p=0.05 level).
Echogram Analysis
The vertical and horizontal distribution matrix of acous tic intensity was constructed for each of the 7 transect lines (Fig. 5) . As a general pattern, the SV value was large in the areas near China. An especially strong SV value was recorded in the warmer water. From figure 5 , it is seen that the swimming layer of fish was consistently above the Yel low Sea Central Cold Water masses3) in the Yellow Sea and above the vertical thermal front in the East China Sea.
School
Shape, Packing Density and Biomass
Based on the results from trawl catches, it may be as sumed that all of the echograms were considered to be those of anchovy. The results of echogram analysis showed that the shape of anchovy schools changed with time of the day. The large differences in anchovy school shape occurred in between day and night. The anchovy schools shoaled compactly in midwater or near-bottom lay ers in the daytime. The schools immediately rose toward the surface water layer just after sunset. Anchovy were scattered widely in midwater or near-surface layers during night-time. After dawn, the scattered fish immediately shoaled again in midwater or near-bottom layers. The mean height and width of anchovy schools in the daytime Fig . 5 . The vertical distribution of acoustic intensity (SV value) along transect lines 1 to 7 (see Fig. 1 ). It is noted that western parts of transect 2, 4 and 6 exhibited high acoustic intensities. The distribution depth of fishes at night was shallower than that in the daytime, and the acoustic intensity at night was lower than that in the daytime. Because most of catches in present survey area was an chovy (92.0%), it was assumed that all SV value was re garded as anchovy. Using a TS kg = -31.4 dB/kg, the esti mated anchovy biomass was 1,960,000 tons over the present survey areas (204,289 km2).
Discussion Acoustic Problems for Biomass Estimation
Although anchovy was the most abundant, various fish species were caught by midwater trawling over the present survey area, particularly in its southern part. Fishes other than anchovy included ribbon fish, yellow croaker, vel vetfish, and lantern fish. The presence of these other spe cies is a possible source of error in estimating biomass of anchovy. The difference in catches between day and night is an another source of error: the average catch in the day time was greater than that of the night. Most of the day time catch was anchovy, but the percentage of anchovy decreased at night in each area. Judging from trawl catch analysis, all daytime fish echos in midwater layer were con sidered to be anchovy, whereas the night echogramss were a mmmixture of anchovy and the other fishes. In the present study, anchovy rose toward the water sur face immediately after sunset, and swam in midwater or surface layers during the night. The acoustic intensity could not be determined for the stratum between water sur face and the depth at which the transducer was installed on the ship's bottom. With this reason, the estimation of an chovy biomass should be done using only data taken in the daytime when all anchovy are below the transducer.
The TS used in the present study was 31.4 dB/kg, however, the TS is known to be variable with physiological conditions, swimming angle and the other conditions of target fishes.9) Barange et al.10) measured in situ TS of an chovy Engraulis capensis at 38 kHz. The in situ TS of an chovy was -31.58 dB/kg for 7.50 cm anchovy (total length) and -31.16 dB/kg for 7.34 cm anchovy. For fu ture work, it is desirable to estimate biomass of anchovy using in situ TS. For the northern anchovy Engraulis mordax in the California Current a study with scanning sonar revealed that it school ranged from 4 to 5 m in vertical thickness and 5 to 30 m in horizontal dimensions. The packing den sity of the northern anchovy varied from 0.52 to 533 in dividuals/m3.12) Thus, school characters of Engraulis japonicus are within those of E. mordax. Mais13) identified and described seven school patterns observed for the north ern anchovy in the California Current. However, I found no difference in shape of anchovy school in the daytime. In the night-time, these characteristics did not find out, be cause fish schools were scattered.
Most anchovy specimens caught with the midwater trawl were at mature in all areas. Probably, anchovy were spawning in all of the areas.14) According to Chinese report,1) anchovy migrates widely in the East China Sea and the Yellow Sea, but closes to near China for spawning during May and June. From this view, a time period from November to December may be recommended as the most appropriate time for biomass surveys because anchovy are widely distributed.
Strong acoustic intensities were also ob tained near China continent in the present study. Judging from the Chinese report1) mentioned above, anchovy found in the waters near the China continent in this study might be the spawning population.
The effect of surface water temperature on the vertical distribution of anchovy was observed in this study. The swimming layer of anchovy was above the Yellow Sea Cen tral Cold Water masses.3) Anchovy was concentrated in western sides of transect 2, 4, and 6, where the thermal front between warm water and Chinese coastal water was located. The surface waters of western side of transect 2 shows low salinity attributed by the Yangzi River. Mori15) reported on the relationship between fishing grounds for jack mackerel Trachurus japonicus and water masses in the East China Sea, suggesting that the areas near the Chinese coastal water masses in the intermediate zones were favourable fishing grounds of this fish in spring. Aoki and Murayama,16) and Aoki and Inagaki17) analyzed the relationship between the distribution of spawning Japanese sardine and water temperature in the waters off southern coast of Kyushu in Japan, and found that most adult sardines with immature gonads were located in the coastal waters, and the spawning adult sardines were mainly in the Kuroshio Current. These results of other wor kers suggest a close relationship between the distribution of pelagic fishes and surface water temperature. From this view, it may be necessary to monitor surface temperature in future study to determine the fishing grounds of an chovy in the East China Sea and the Yellow Sea.
The biomass of anchovy was estimated as 1,960,000 tons using TS kg=-31. 4 dB/kg in the present survey area. Combining all acoustic sources of error, the present biomass of the anchovy was probably underestimated, be cause the present estimation includes night-time data.Of
The biomass of anchovy was estimated as 1,960,000 tons using TS kg=-31.4 dB/kg in the prese sur C course, the other fish biomass has to be considered, however, the other fish biomass was ignored in the present study, because catches of anchovy was the most abundant species in total catches. It is assumed that the accurate bio mass estimation of anchovy must only conduct in the day time. 
